factors, heat being the most important, moving blood in the same way as fire carries smoke up a chimney, against gravity. The heart beat was of importance, and "natural gravity" played a role. Blood (cooled at the periphery) returned to the heart and superfluous blood, according to his idea, was excreted into the bowel, forming part of the faeces. He was thus a long way from the conception of the circulation as Harvey demonstrated it.
This failure has rather obscured the real advances that he made. As an illustrator of cardiac anatomy his drawings bear, with credit, comparison with any until recent years. He himself, judging from the amount of attention devoted to them, was most interested in his discovery of the auricles, or atria, as "upper ventricles" of the heart, and his investigation into the movements of the blood in eddies through the aortic valve.
For his achievements Leonardo surely merits a greater place in the history of cardiology than has up to the present been allowed him.
The illustrations are reproduced by gracious permission of H.M. the King.
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[ January 3, 1951] The Lifework of William Harvey and Modern Medical Progress By H. P. BAYON, M.D.
An essay to commemorate the tercentenary of the publication of Exercitationes de Generatione Animalium, London, 1651. THE biography of William Harvey (1578-1657) has been so frequently examined in books and articles, and his opinions so often discussed in many orations that it might be assumed that no matter of any relevance has been overlooked. Still, it must be conceded that, beginning in his lifetime, an unfortunate controversy about the priority of the recognition of the circulation of the blood and similar non-essentials has been continued with great vigour, if not acrimony, whilst the cardinal significance of the methods he consistently practised and the doctrines he propounded have been misunderstood, if not ignored.
To-day, three centuries after his lifetime, we are in a position to appraise the influence of his writings, as a whole, on succeeding generations; more particularly we can decide whether his example inspired any researches or produced any results of medical significance. It will be of interest to try and ascertain how and to what extent Harvey succeeded in leading others to undertake those experimental researches to which we owe much of the contemporary scientific achievement and the triumphs of present-day biological medicine. It will not be denied that our diagnosis is more accurate, our therapy much more effective, our prognosis and prevention assured to a greater degree than they were in the days of Moliere (1622-73).
It is intended to show that this progress is the direct outcome of the methods so successfully advocated and practised by William Harvey.
A few examples taken at random will illustrate the prevalent opinion shortly after the death of Harvey-and possibly even later-on the question of whether he played any part in furthering medical progress. Fontenelle (1657-1757) in his Dialogue des Morts (Paris, 1683) made Erasistratus say that whatever might be the real course of the blood-stream, mankind would continue to die. Or Sir John Floyer (1649-1734) who in the Preface to his book on the Pulse-watch stated: "Dr. Harvey gave the first credit if not the first rise of the opinion about the Circulation of the Blood, which was expected to bring in great and general innovations into the whole practice of physic, but it had no such effect" (London, 1707-10) . Then William Hunter in Two introductory lectures etc. (1784), p. 47in comparing the merits of Harvey with those of Christopher Columbus and Copernicus wrote that the achievements of Harvey must rank comparatively low, because so much had been discovered by others, that little remained for Harvey but to dress it up into a system. These criticisms were related to the action of the heart and the circulation of the blood, but even more severe observations were those of Jan Swammerdam (1637-80) who in his Historia insectorum generalis (1699) asserted that Harvey, in studying the generation of animals, had, in his senile decrepitude, incoherently mixed truth and error, accuracy an}d falsity.
As a further example of misunderstanding is the often repeated misquotation of the dictum: Omne vivum ex ovo-which Harvey did not state with such lapidary brevity, though he explained the reasons for the opinion in several chapters of De Generatione (1651). Many other quotations could be made, even from modem authors, to show that the name of Harvey is usually connected with the demonstration of the circulation of the blood and that the assumption is often made that this discovery, most interesting from the standpoint of physiology, did not influence the progress of medical practice. So that, apart from these or similar considerations, even understanding critics could say-in his century or the next-that the doctrines of Harvey were either sound or crackbrained, but could not prove that the methods he advocated and by which he supported his views, would gradually bear fruit and eventually lead to a far-reaching reform of medical practice. We alone can do this.
Still, every advantage usually carries with it some drawback; thus, whilst we gain by being able to learn how the doctrines of Harvey have stood the test of three centuries, we have lost in the meanwhile a full comprehension of the temper of his time and cannot say with confidence, how remarkable was the achievement of asserting and proving his opinions against those of Aristotle and Galen, which were universally believed, and had lasted unaltered for centuries-or how admirable and new were the means by which Harvey set about supporting and demonstrating his views.
In such a general consideration of the doctrines and methods of Harvey, taken as a whole. his investigations of the generation of animals have been usually relegated to the background and, if at all considered, have been presented with apologetic remarks to the effect that the mumblings of old age should be patiently tolerated, not accepted as the flashing pronouncements of brilliant youth. For example, two modern biographies of Harvey can be mentioned: that of Robert Willis (London, 1878) and that of D'Arcy Power (London, 1897) . Both are outstanding and the latter author was able to quote many interesting details from the Minute books of St. Bartholomew's Hospital, to which he obtained access; but even he, when discussing in Chapter IX "The Treatise on Development", did not subject the book.to the critical examination it deserves. Now it is intended to commemorate the appearance of De Generatione (1651), not so much for its contents, as for the incentive it provided in furthering biological and medical progress. In approaching this task, a brief review of the previous writings of Harvey cannot be avoided, because it must be ascertained whether he successfully practised the methods he propounded and how much he owed to his predecessors and teachers.
By a singularly lucky chance, it is possible to follow the thought of Harvey throughout his working life, beginning with the notes for the Lumleian lectures, together with his printed works, and a certain number of his letters, which have been preserved, one of which was penned a few months before his death.
Taking first the Prelectiones, which would have been prepared some months before Harvey began his Lumleian lectures in April 1616, it is known how these notes-now safe in the British Museum-were mislaid, then recovered, to be reproduced in facsimile by the Royal College of Physicians in London, in 1883, accompanied by a printed deciphering by Edward Scott, M.A. It is said "deciphering", for the notes are not only in the execrable handwriting of Harvey, but consist of a mixture of bad Latin and colloquial English which only guesswork can interpret. Thus Edward Scott deserves all praise for having accomplished the task even if a few slips can be mentioned; e.g. the note on p. 75, attributed to "Caesalpinus Aretinus". In my opinion it should read: "J(ulius) Ces(ar) Ar(antius)"which would be in keeping, for the remark relates to the action of the heart. Later, there is an observation (page 82): ut ij qui carbonibus accensis Julian Imperator WH scollertf Cambridg. The reference to the Cambridge scholar is easily understood; deaths by suffocation with carbon dioxide were not uncommon at the time, as the outcome of braziers in closed rooms. The reference to the Emperor Julian is not so easy; he died in his tent of wounds, though, possibly, some allusion was intended to his being choked by a gush of blood.
No less than ten pages of the MS. are devoted to the heart and its action, beginning with "Cor a currendo quia semper movitur" on page 73 and including the illuminating It seems evident from the careful attention given to the action of the heart, that Harvey reasoned out his conception of the circulation as a result of the activity of the heart instead of the Galenical passive expansion, due to the vis pulsifica of the arteries and blood, by noticing the contracting hearts of snakes and fishes, which survive for some time.
On page 79 Harvey noted: "Rationale etiam I' Galeni experimentum defistula impossibile." This refers to the well-known test of Galen with the quill in an artery (with which he proved 214 that arteries contained blood), which to succeed would require all the refined physiological experimental skill of to-day.
There has been a great deal of discussion as to whether Harvey was persuaded of the true facts of the circulation by mathematical, Aristotelian or any other method of reasoning. To me it seems obvious-notwithstanding the recorded conversation with Robert Boyle (1627-91)-that Harvey, having noted the heart in action outside and inside the body, gradually conceived the logical sequence, helped by knowledge of the function of the valves in the veins, which brought him to understand how the blood circulated continuously.
Among the contemporaries of Harvey, mention must be made of Nathaniel Highmore (1613-85), for his book on the Anatomy of the Human Body, published at the Hague in 1651, illustrates in the frontispiece, the circulation of the blood according to Harvey's conception, that is, without consideration of the existence of capillaries, uniting arteries and veins. Accordingly the drawing shows a pump pouring water, which soaking through the earth, no doubt, returns to the well. It is known that Harvey failed to notice the capillaries, the discovery of which was accomplished by Marcello Malpighi (1628-94) in 1661 in the lung of a frog. This missing link in the circulation was then confirmed in the tail of an eel by van Leeuwenhoek (1632-1723) and definitely clinched by the skilled injections of Fredrik Ruysch (1638-1731).
Before leaving the Prelectiones, it can be mentioned that it contains the note on page 73a: [Cor] "fieri ex gutta sanguinis quae in ovo" which shows-together with other remarksthat Harvey remembered his observations on hatching eggs made in Padua in his student days, with his teacher, Gerolamo Fabrizio (1533-1619); this also proves that the last book of Harvey was the fruit of prolonged thought.
Concluding-if the text of the Prelectiones has been neglected, it is because, being obviously difficult to interpret, it requires prolonged study and attention. All the same, it reproduces the inner working of the mind of Harvey in a manner not approached by any of his printed books.
Next we may consider briefly De Motu Cordis et Sanguinis (1628) which has received consummate attention over more than three centuries. It can be pointed out that the Preface, which says that the action of the heart and circulation of the blood had been demonstrated for more than nine years, seems to disagree with the lecture notes, which were dated April 1616. An examination of the course of the lectures reveals that the thorax and its organs would not be demonstrated till the third year; supposing the text of De Motu (1628) was written in 1627, this would make Harvey correct. Moreover Bayon (1939) showed that page 80 of the Prelectiones, which contains some of the reasons Harvey intended telling his audience, had made him accept the circulation of the blood, was written with a different quill from the one used for the remainder of the notes.
There has been some speculation why Harvey should have had his book printed and published in Frankfurt. The reasons seem to be twofold: one would be that his friend, Robert Fludd (1574-1637), recommended printing abroad, because foreign printers and publishers paid for texts and the other that William Fitzer (d. 1671) was an Englishman, as E. Weil (1944) has proved. This decision resulted in certain disadvantages: the Thirty Years' War (1618-48) and the crabbed writing of Harvey did not improve the text, which accordingly contains over 200 printers' errors, whilst the paper is of inferior quality.
As a specimen of the ignorant criticism with which De Motu (1628) was received can be quoted the remark of Emilio Parigiano (1567-1643)-a graduate of Padua-who wrote: in relation to the beats of the heart: "Our poor deaf ears nor any physician in Venice can hear them; thrice fortunate those in London who can." In quoting this Daremberg (1870) said "un temoignage honteux de la stupidite humaine". Unfortunately Parigiano was not alone in his opposition, particularly in Italy, for he might have referred to Giovanni Nardi (d. 1653?) as being on his side and also others. The great majority preferred quibbling vacuously to repeating the tests of Harvey; a notable exception was Daniel de Caux of Dieppe who in: Varia philosophica et medica (1674) published a confirmation of the circulation by means of experiments on cats.
A few words will suffice for the second book of Harvey-this consisted of two letters addressed to the French Anatomist, Jean Riolan, jr. (1580 Riolan, jr. ( -1657 and bear the title: Exercitatio Prima de Circulatione Sanguinis and then Exercitatio Altera. Since the book of Riolan, the Encheiridion, was published in Paris in 1648 and the reply of Harvey was printed in Cambridge in 1649 (the year of the execution of Charles I-which affected his physician greatly) it is evident that there must have been some hurried composition and writing. It is therefore understandable that the tone is mainly polemical and some mistaken assertions are made, for example, that any difference in colour between arterial and venous blood was due to its having been squeezed through small apertures or that capillaries do not exist in the liver. This shows that Harvey had not grasped the significance of the oxygenation of the blood by the lungs, a problem whose solution had been attempted before his time, and was accomplished-if not in its entirety-within little more than a century after the death of Harvey by Richard Lower (1631-91) and also John Mayow . But for our present purpose, it is far preferable to restrict consideration to the definite achievements in ascertaining the active action of the heart and the continuous circulation of the whole blood. In relation to the heat of the body and the "spirits" in the blood, it must be admitted that Harvey was not in advance of the school knowledge of his time.
Next there is the third book of Harvey-the Exercitationes de Generatione Animalium (1651)-the MS. of which was entrusted by him to Dr. George Ent (1604-80)-an accomplished classical scholar-who edited it and supervised the printing. In the opinion of Herringham (1932) page 353-Ent corrected the text and greatly improved the stylea suggestion with which I agree.
Slight and slighting reference has been made to this text, because Harvey, misled by incomplete observations on the oviduct of a hen and those on an unsuitable object-Cervida-or the hinds and does of Windsor Park, decided that contact sufficed for the impregnation of a female. This erroneous conclusion would (or shall we say "could"?) have been avoided if Harvey had only seen the active spermatozoon in the seed of the cock-bird. In man, this essential element was discovered in 1677 by van Leeuwenhoek (1632-1723) and was then found to occur in the males of all vertebrates. What confused many observers was the wastefulness of producing myriads and myriads of "animalcules" to achieve the impregnation of a single ovum. During the whole of the eighteenth century the strife between "ovists" and "animalculists" continued, with arguments, some valid and some fantastic. Those who feel inclined to criticize Harvey for his wrong theorizing may be reminded that A. W. Meyer (1936) said on page 71: "Even von Baer, who discovered the mammalian ovum had Harveian ideas regarding fertilization, for he thought that semen merely exerted an influence upon the ovum which, being somewhat inert, had first to be endowed with life by the sperm," More could be quoted from other authors, who had seen spermatozoa, to support the excuse that Harvey erred in good company.
It has been said that Cervida? were an unfortunate choice for experimental embryogeny; this is because Meyer (1936), by referring to Bischoff (1936) , made clear one of the reasons which induced Harvey to obtain erroneous conclusions. Bischoff (1936) showed that the Roe-deer, Cervus capreolus, has a considerable lag of time between fertilization and the naked-eye appearance of the product of conception. A similar delay in sheep misled Albrecht von Haller (1708-77).
To my mind the worst mistake of Harvey was not that he decided that fertilization took place without corpuscular contact, in a manner similar to a magnet acting on iron, but rather that he insisted that the child was born by its own efforts; a mistake he tried to support by many quibbles and petty conceits, whilst his experience at confinements should have convinced him of the contrary. That the muscular efforts of the mother give birth to the inert child had been observed by numerous previous Authors-but Harvey ignored their findings, preferring to defend his preconceived opinion by quotation from books, such as that of Gregor Nymann (1594-1638) or inconclusive observations, e.g. the infibulated pony mare of the Queen or the pregnancy in the prolapsed womb of a washerwoman. Having conceded the worst, it can be added that the advice given in the chapters De Partu is sound and practical, so that Herbert Ritchie Spencer (1927) could praise Harvey as having written the first original work on midwifery by an English author.
Whatever may be the faults of the text of De Generatione (1651) the Preface is a model of clear statement how to conduct researches in biological subjects-it is conclusive declaration of the right means for obtaining correct results in biological investigations. This Preface alone would place Harvey in the front rank as a founder of biological medical knowledge. The evidence for this assertion is easily provided, even if it is rare, perhaps even unique, that the work of a single man has such far-reaching consequences, no less than institution of a complete system of medicine, which, by its effectiveness has become universal, instead of being split up into several competing schools of thought and practice.
This development can be seen to be as straight as a ray of light. Harvey taught in various chapters of his last book that all living things came from an egg, even if he was wrong in his conception of what a mammalian ovum was. Then, the Italian Court physician, poet and academician, Francesco Redi (1625-98), quoting and inspired by Harvey, performed those clever experiments which proved that rotting meat could not produce maggots-a widely held view at the time-but that instead they developed from the eggs of flies. Next the English Jesuit, John Turberville Needham (1713-81) and the great Frenchman, Buffon (1707-88), performed their experiments showing that sterile broth in corked vessels in a few days would swarm with infusoria and bacteria. Thereupon Lazzaro Spallanzani (1729-99) repeated these tests and proved that prolonged boiling, together with secure closing, was required to obtain lasting sterility. From these tests and experiments the whole of modern bacteriology took its inception, with the most far-reaching practical applications. It cannot be denied or even doubted that all these investigations could have been brought to a successful conclusion without a full acceptance and practice of the Harveian method of investigation. This consists in the combination of demonstrative experiment, together with comparative anatomical observations and bedside or clinical notes. All these means were practised by Harvey over a period of years. To consider him a pupil of Rend Descartes (1596-1650) or his imitator, because Harvey on one occasion calculated by arithmetic the output of the heart, is a statement lacking sufficient evidence.
A few words may be spared to consider the various names that have been mentioned as having antedated Harvey in the practice of experimentation for the solution of biological problems. This is all the more relevant for it has been said that Harvey was not the first to employ experiment for the ascertaining of facts. Here, instead it is stated that not only was he the first to publish the results of consequent experimentation for the solution of biological problems, but that he did so notwithstanding prolonged neglect and active opposition by his contemporaries. He thus lit a torch which cleared the path for others.
It is therefore not irrelevant to the main purpose of this communication, to ascertain whether Harvey was the first in the field with consequent, comparative experimentation in relation to biological subjects, even if this involves delving into the past.
Little need be said of the philosophers of ancient Hellas, for they were too obsessed with the superiority of reasoning when compared with mere observation, to achieve much in experimental science. Even Aristotle was not without bias against experimental proof, for he was aware that the interpretation of single observations was what mattered, not the performance of tests. There were the numerous trials with poisons linked with the name of Mithridates, King of Pontus (111-63 B.C.), which were continued during centuries-but these were too restricted in scope for suitable comparison with later biological experiments. Galen of Pergamos (c. A.D. 130-c. 200) did perform several biological experiments and in some instances even obtained correct conclusions-but during centuries produced no imitators whose results are recorded. It can be mentioned that Farrington in two Pelican books has reviewed Greek Science with thorough scholarship and concluded that some Hellenic philosophers practised the experimental method for the purpose of ascertaining the presence of air-as distinct from mist-but even so their record is most rudimentary and scattered. The subject will be more fully discussed in the Bulletin of the British Society for the History of Science.
In the Middle Ages, when Scholasticism prevailed, rare, single biological tests were mentioned by Albertus Magnus and also others, particularly Nicolaus Cusanus (1401-64), but the aim was restricted, the possibilities faintly perceived, the record unclearbecause of the limitations of written, not printed, descriptions. Even the word "experimentum" differed from modern usage; it meant something actually seen or experienced. Such would be the trial whether an ostrich could really digest iron; or the suggestion of Cusanus to weigh a tree and earth before and after growth-an experiment actually performed by Johann Baptista van Helmont . It is true that Roger Bacon (c. 1214-98) wrote that the observations on the properties of the magnet by Peter Peregrinus entitled him to be a magister experimentorum and that Bacon mentioned scientia experimentalis. Still, none of those inchoate attempts, valuable as they may be as pioneer efforts, can compare with the complete experimental investigations of William Gilbert of Colchester (d. 1603), printed and published in De Magnete (London, 1600) .
Harvey was acquainted with the work of Gilbert, whose book may well have served as a model for the researches of the younger physician.
The intellectual relations between Harvey and his patient, Francis Bacon (1561-1626), are not easily ascertained, for they seem not to have recognized each other's worth. Bacon wrote against Aristotelians-and Harvey was a great admirer of the Stagirite. Some of the remarks appear to be aimed at Harvey, who in his turn spoke slightingly of the Great Chancellor-if John Aubrey (1626-97) is to be believed. What seems evident is that both Harvey and Bacon held similar views in relation to experimentation and expressed them in resemblant terms-but Harvey practised what he preached ! Rene Descartes and Bacon are frequently mentioned in relation to the inception of experimental science; but it should be mentioned that their aims in experimenting were totally different. Bacon wished to wrench forth the secrets of Nature by trials, test and critical experiments. Instead Descartes, having solved a problem by mathematical reasoning, would perform an experiment to place a coping stone on the edifice. The conception was quite separate and distinct.
Again, Galileo Galilei (1564-1642) stated clearly in his Dialoghi that he did not care if experiments showed anything differing from what had been mathematically reasoned and proved, for example the rate of falling bodies. He was justified in this belief, in having actually seen wood fall faster than metal, in any case at the commencement of the fall.
There remains to be mentioned Santorio Santorio (1561-1636); his aphorisms were what they claimed to be-pithy observations-which even if tested for their accuracy, need not lead to further conclusions. They required the aid of chemical analysis to become the basis of metabolism.
One name can be added to the list, though not previously mentioned in this connexionthat of Realdo Colombo (d. 1559), assistant of Vesalius in Padua, later Professor of Anatomy in Pisa. It is true that Colombo was an expansive braggart and a proved plagiarist; but it is also undeniable that in his De Re Anatomica (1559) he stated the passage of the blood across the lungs in clear terms, supporting his opinion by anatomical, clinical and experimental observations. It may be said that in the early days after the publication of De Motu Cordis (1628) many thought that Harvey was merely reviving the ideas of Colombo. Instead the demonstration of the circulation of the whole blood stream, together with the action of the heart, was a complete doctrine. Incidentally, it can be learnt from the book of Juan Valverde de Hamusco: De La Composicion Del Cuerpo Humano (Rome, 1556), that Colombo was demonstrating the lung-passage in Pisa about 1545, that is several years before the printing of the book by Miguel Serveto in 1553. Whether Vesalius knew of the lung-transit of the blood and did not dare to assert it freely, because it contradicted Galen too openly, must remain an unsolved problem.
It can be granted that there have been notable advances in medical knowledge and practice before and after Harvey, in which his method played little or no part. Such would be the use of mercury in syphilis, quinine in malaria, digitalis in heart-disease, vaccination, the recognition of the origin of puerperal fever-but even in this instance, the opinion of Semmelweis was supported by the experiments of Pasteur. None the less, the most rapid progress in all branches of medical theory and practice has been obtained by what I venture to call the Harveian method. Accordingly, it can be suggested that the link between the lifework of William Harvey and contemporary medical progress is provided not so much by the demonstration of the active action of the heart and the circulation of the whole blood, as by the practical actuation of the principles so clearly stated in the Preface of De Generatione 1651. In case this assertion should be understood as a contribution to the age-long dispute as to the respective merits of theory and practice, it can be made clear that Harvey made use of any means at his disposal for the attainment of Truth. It is obvious that unless he reasoned about his observations and made them agree he could not prepare his demonstrations or write his books. If any criticism is to be allowed, it is to the effect that far too often he indulged in speculation or ingenious conjecture, without the guide and control of relevant observations, whether clinical or experimental. For example, in his major error-considering that in mammals the foetus was born by its own efforts; this was an application to human physiology of the action of the hatching chick in the egg-shell.
In relation to Biology in general, Joseph Needham (1934) , in appraising the influence of Harvey on embryology, lists three critical remarks, the first of which is (page 128): "He did not break with Aristotelianism, as a few of his predecessors had already done, but on the contrary, lent his authority to a moribund outlook which involved the laborious treatment of unprofitable questions."
To my way of thinking, this is not an unfavourable judgment, because Harvey was not a rebel with a firebrand and axe in his hands (collafiaccola in man' e colla scure-Stecchetti), but rather a constructive reformer, of which there are too few for the comfort of mankind. Moreover-in the words of Needham (1934)-Harvey handled the question of growth and differentiation better than any before, anticipating the ideas of the present century.
As a medical practitioner Harvey could not be and was not in advance of his century, except that he took an interest in midwifery and was in favour of non-interference with natural processes-a modern standpoint. He also seems to have undertaken surgical operations.
Even if Harvey prescribed "Pulvis ex ebore et calcaneo cervi" (Ivory powder and that made from the heel of a stag) and that developments from the application of his methods took nearly three centuries in coming to fruition, yet the present-day triumphs in preventive medicine, the use of powerful specifics and effective antibiotics, are the direct outcome of the Harveian method of solving biological and medical problems.
It is for this reason that we are gathered to-day to recall the lifework of a man, who, if not great, achieved great deeds and propounded lasting doctrines. The lecture was illustrated by lantern slides kindly lent by the Wellcome Institution (Dr. E. A. Underwood).
